Antioxidant activity of polar methanolic extract of aerial parts of Ocimum sanctum using multiple screens was studied. Various concentrations of the standardized extract were examined for the free radical scavenging activity, superoxide radical scavenging potential and effect on nitric oxide production in RAW 264.7 mouse monocytes cell line. The results indicated that the O. sanctum extract has strong antioxidant activity. In the assay for free radical scavenging activity measured in terms of scavenging of DPPH (1,1-diphenyl-2-picryl hydrazyl) radical, the extract exhibited the IC 50 of 94.51 ± 6.47 µg/ml. NBT reduction assay was used to measure the superoxide reducing capacity of the extract and the extract inhibited the NBT reduction with IC 50 of 71.17 ± 8.13 µg/ml. Effect on nitrite production was tested in Lipopolysaccharide (LPS) activated RAW 264.7 mouse monocytes cell line. In this assay, biphasic response was observed for the extract. At lower concentration it stimulated nitrite production while at higher doses the nitrite production was suppressed (EC 50 4.89 ± 0.47 µg/ml and IC 50 66.67 ± 0.91 µg/ml). These results suggest that the antioxidant activity of O. sanctum may be partly responsible for its reported immunomodulatory and anti-inflammatory effects.
INTRODUCTION
The role of free radical reactions in the disease pathology is well established suggesting that these reactions are necessary for normal metabolism and are detrimental to health as well (Harman, 1981) . The diseases caused by these free radical reactions are atherosclerosis, ischaemic heart disease, ageing, inflammation, diabetes, immunosuppression, neurodegenerative diseases and some other diseased conditions (Harman, 1988; Maxwell, 1995) .
Ocimum sanctum, commonly used as Holy basil or sacred basil, is well known in India. Of all the Ocimum species, O. sanctum is most widely studied for its pharmacological properties. Traditionally, it has been used as diaphoretic, expectorant and hepatoprotective. It has been studied for its immunomodulatory (Godhwani et al., 1988 ), anti-hyperglycemic (Vats et al., 2002 ), antioxidant (Devi, 2001 , antiinflammatory (Godhwani et al., 1987; Kelm et al., 2000) , anti-stress and radioprotective effects (Gupta and Vishwanathan, 1955) . Its anti-ulcer (Singh and Mujumdar, 1999) and anthelmintic (Asha et al., 2001 ) activities have also been reported. However, all these activities are carried out in vivo and the mechanism of action is still elusive. Since free radical involvement in various disorders is suggested, this paper is an attempt to give basis for various activities of O. sanctum. In the present paper, we studied standardized polar extract of O. sanctum for free radical scavenging activity, superoxide radical scavenging potential and effect on nitric oxide (NO) production.
MATERIALS AND METHODS

Plant Material
For the purpose of present study, plant material was collected during the month of June 2001 from NIPER medicinal garden and surroundings. The Taxonomist, NIPER medicinal plants garden confirmed the identity. Specimen sample is deposited in Natural Products Department Herbarium.
Chemicals
1,1-diphenyl-2-picryl hydazyl radical, dextran, zymosan and nitroblue tetrazolium (NBT) were purchased from Sigma Chemical Co. (St. Louis, MO, USA); RPMI-1640 media, glutamine, gentamicin and fetal bovine serum (FBS) were purchased from Himedia Ltd. (Mumbai, India). Escherichia coli 026:B6 lipopolysaccharide was purchased from Difco (Detroit, MI, USA).
Free Radical Scavenging Activity
Free radical scavenging capacity of the plant materials was determined using DPPH. A methanolic DPPH solution (0.15%) was mixed with different concentrations of extracts and fractions and after 10 min. the absorbance was read at 515 nm using spectrophotometer (Perkin -Elmer Lambda 20 UV -visible spectrophotometer). Inhibition curve was plotted and IC 50 value was obtained (Viturro et al., 1999) .
NBT Reduction Assay
The assay was carried out by the modified procedure described earlier (Richardson et al., 1998) . Fresh heparinised blood from healthy volunteers was used for the isolation of polymorphonuclear cells (PMNs). By dextran sedimentation method (6% dextran) PMNs were isolated and suspended in RPMI-1640 medium supplemented with 10% heat inactivated FBS. From this suspension, 1 x 10 -6 cells were taken and incubated with different concentrations of the extract for 5 min. To this, NBT (0.5 mg/ml; 200 µl), opsonised zymosan (4 mg/ml; 100 µl) were added and incubated at 37°C for 30 min. After incubation, the reaction was quenched by 1 N HCl. The formazan formed can be extracted with organic solvent and the absorbance is read at 520 nm. Control was run simultaneously using medium instead of extract. Ascorbic acid was used as the standard. The percentage inhibition of NBT reduction was calculated by the formula % inhibition of NBT reduction = (Control -sample) x 100 (Control)
Nitrite Production RAW 264.7 cells, an Abelson leukemia virus transformed murine macrophage cell line, were obtained from the National Center for Cell Science (NCCS), Pune (India) and cultured in RPMI-1640 supplemented by 10% heat inactivated fetal bovine serum (FBS), 2 mM glutamine and gentamicin. Cells were studied between passages 5-20. For nitrite production, 2 X 10 5 RAW 264.7 cells per 0.2 ml were stimulated with 1 µg/ml of Escherichia coli 026:B6 lipopolysaccharide in the presence of various concentrations of in 96 well microtitre plate and incubated at 37°C for 24 hrs in an atmosphere of 5% CO 2 in air. The dose of LPS was chosen based on previous findings to achieve a maximum induction of inducible nitric oxide synthesis in RAW 264.7 mouse macrophages. After incubation, the supernatants were collected and the amount of nitrite in cell-free culture supernatant was measured using Griess reagent. Briefly, 0.1 ml of supernatant was mixed with 0.1 ml of freshly prepared Griess reagent (prepared by mixing equal amounts of 0.1% N-1-naphthylethylenediamine dihydrochloride and 1% sulphanilamide in 0.1% sulphuric acid) and after 30 min. incubation, the absorbance at 540 nm was read. The nitrite concentration was calculated using a sodium nitrite standard curve (Inoue et al., 161 2001).
RESULTS
DPPH Assay
In the DPPH assay, ascorbic acid was used as standard and its IC 50 value was determined to be 28.33 ± 0.01 µg/ml. In this assay, O. sanctum polar methanolic extract showed the IC 50 value of 71.17 ± 8.13 µg/ml.
NBT Reduction Assay
In the NBT reduction assay, O. sanctum methanolic polar extract had the IC 50 value of 94.51 ± 6.46 µg/ml as compared to that of standard, i. e. ascorbic acid which has the IC 50 value 40.01 ± 4.09 µg/ml.
Nitrite Assay
The assay was validated using the standards available in the laboratory. O. sanctum extract showed biphasic response in nitrite assay. At lower concentration (5 to 20 µg/ml) it stimulated nitrite production while at higher doses (25 to 250 µg/ml) the nitrite production was suppressed. The stimulation was with EC 50 4.89 ± 0.47 µg/ml and inhibition was at IC 50 66.67 ± 0.91 µg/ml.
DISCUSSION
Three in vitro tests viz. DPPH test for direct free radical scavenging action, NBT reduction assay for superoxide scavenging potential and nitrite assay for the effect on nitrite production were employed to assess the antioxidant properties of standardized polar methanolic extract of O. sanctum. Therefore, in combination, these three tests can provide better assessment of antioxidant properties.
DPPH assay is simple and useful for evaluation of scavenging activity of natural products. It is a coloured free radical. The scavenging capacity of the extract can be assessed by the decoloration of a methanol solution of DPPH. The degree of discoloration indicates the free radical scavenging efficiency of the extract. O. sanctum extract exhibited DPPH scavenging activity in a concentration range of 5 to 300 µg/ml. The scavenging effect suggests that the extract per se can remove the dangerous free radicals from the body by acting on cellular mechanisms of free radical generation and can help in preventing these diseases.
Superoxide scavenging potential can be estimated by NBT reduction assay. Lots of superoxide ions are formed during the oxyburst process. The assay quantitates the superoxide produced by the enzyme NADPH oxidase during the phagocytosis. NBT reacts with the superoxide radicals to give mono-and di-formazan, which has purple color (Richardson et al., 1998) . The formazan, deposited in the phagocytic cells can be extracted and the extent of color is indicative of the superoxide produced in situ. Therefore, more the superoxide produced, higher is the color intensity. Since the O. sanctum extract inhibits the NBT reduction, i.e. scavenges superoxide ions, it has the potential of acting on the process of oxyburst and may help in preventing the diseases caused during the excessive superoxide formation in phagocytic process.
Nitric oxide endows macrophages with cytostatic or cytotoxic activity against viruses, fungi, bacteria, protozoa and tumor cells. Suppression in the production of nitric oxide is usually observed with immunosuppressive drugs, for example glucocorticoids, and excessive production of NO is known to play important role in inflammation and arthritis (Inoue et al., 2001) . Therefore, effect on NO production should be carefully assessed for enhancement and suppression effects. The O. sanctum extract showed biphasic response in dose dependant manner. At lower concentration (5 to 20 µg/ml), it stimulated nitric oxide production, which is helpful in case of killing of foreign organisms by monocytes and macrophages. However, at higher doses (25 to 250 µg/ml), O. sanctum inhibits the nitric oxide production, which is usually required in inflammatory processes. 162 Thus, the O. sanctum alcoholic extracts such as methanolic extract may be helpful in treatment of inflammation and rheumatoid arthritis.
Our results of the study on methanolic extract suggest that the use of O. sanctum in various disorders is linked with the radical scavenging and nitric oxide production modulating effects.
